Phase evolution and ferroelectric behavior in 0.8BaTiO3-(0.2-x) BiScO3-xPbTiO3 ceramics, x = 0-0.20, has been investigated in this paper. The phase assemblage and lattice parameters indicate the appearance of tetragonal-rhombohedral phase transition and the existence of a MPB region in the composition range x = 0.15-0.20. All these compositions exhibit relaxor ferroelectric behavior due to cation disorder for the substitution on the A-site by Bi and on the B-site by Sc. The dielectric permittivity of the specimens as well as the polarization decreases with increasing BiScO3. However, close to MPB region, the composition with dominance of rhombohedral phase (x = 0.15) exhibits higher remnant polarization than that with tetragonal for the more reorientational directions of the rhombohedral phase than that of the tetragonal one (x = 0.17).
Introduction
Ferroelectric-relaxor behavior has been extensively studied in many perovskites-type materials, especially in lead containing complex compounds Pb(Mg1/3Nb2/3)O3, 1) Pb(Sc0.5Nb0.5)O3, 2) Pb(Zn1/3Nb2/3)O3, 3) and modified BaTiO3. 4)-6) These relaxor have the following general characteristics other than normal ferroelectrics:
1) The relaxor show diffuse phase transition behavior, where the dielectric maxima temperature (Tm) does not exhibit paraelectricferroelectric phase transition like normal ferroelectric.
2) Tm shifts to higher temperature with increasing frequencies in relaxor, while there is no any shift in normal ferroelectrics.
3) The normal ferroelectrics follow the Curie-Weiss law above Tc, while the relaxor follow the relation far above Tm.
Recently, Tinberg et al. 7) have reported that in BiScO3-BaTiO3 ferroelectric thin films, increasingly relaxor-like behavior is observed with increasing BiScO3 content. Furthermore, the addition of BiScO3 to BaTiO3 dramatically decreased the dielectric constant away from electronic devices application. Previous work 8) proposed that, in the mixed B-site cation family, the relaxor behavior in ferroelectric materials resulted from the local heterogeneity due to the presence of different ions possessing fluctuation valence states at the B-site, resulting in partially ordered materials. Furthermore, Kumar et al. 5 ), 6) confirmed experimentally that in doubledoping BaTiO3 with Bi 3+ at A-site and Fe 3+ at B-site, the valence state fluctuation of Fe ions which could lead to local disorder at B-site, might help realize relaxor effect.
In the present work, we study the phase evolution and ferroelectric behavior in BiScO3 and PbTiO3 doped BaTiO3 ceramics. And PbTiO3 readily can form solid solutions with other perovskites compounds such as BiScO3, BaTiO3, CaTiO3, SrTiO3, and PbZrO3.
9)-14) The relaxor behavior has been confirmed in the whole composition range and the modified Curie-Weiss relation is obeyed.
Experimental
The samples in the generic solid solutions series, 0.8BaTiO3-(0.2-x)BiScO3-xPbTiO3(BT-BS-PT, 0 ≤ x ≤ 0.20), were fabricated by conventional solid-state synthesis. Stoichiometric amounts of reagents BaTiO3(commercial hydrothermal-synthesis barium titanate), analytical-grade Bi2O3(> 99.5%), PbO(yellow, > 99.0%), Sc2O3(> 99.9%), and TiO2(> 99.0%) powders were wet mixed by ball milling and then presintered for 2 h at 900°C. 2 wt% excess amounts of Bi2O3 and PbO were added to the composition to compensate for volatilization during sintering. The presintered powders were mixed, ball-milled, then dried and pressed into disks of 12 mm in diameter and 1.5 mm in thickness by uniaxial pressing at 200 MPa using 2.5% polyvinyl alcohol binder. These pellets were burned out the binder at 650°C for 2 h and sintered from 1180°C to 1250°C for 2 h. In all these sintering processes, Bi2O3 and PbO vapor source were put aside the sample in a closed crucible.
Crystalline phases of the sintered specimens were identified by a Philips vertical X-ray diffractometer (PW3050/60, MPSS) using Cu Kα (l = 1.54056 × 10 -10 m) radiation with 2θ in the range of 20-60° and step size of 0.02° with X'Pert HighScore Plus diffraction software for the calculation of cell parameters. For electrical measurements, the polished pellets with two-side silver paste electrode were measured from 40 Hz to 1 MHz frequencies in the temperature range from -60 to 180°C using TH2818 Precision LCR Meter with a good temperature precision control. Ferroelectric measurements were performed using RT66A test system (Radiant Technologies) in silicon oil at room temperature with a function of driving electric field.
Results and discussion

Phase transition evolution
Figure 1(a) shows X-ray diffraction spectra of the sintered BT-BS-PT specimens at room temperature. Formation and stabi-lization of the perovskites phase are achieved in the whole range of the composition studied, and the changes of line peaks split related to the phase transition are confirmed. For example, the (200) diffraction peak splits into two peaks in a tetragonal phase, however it does not split in the rhombohedral. Consequently, the (200) diffraction peak can be used to investigate the coexistence of the tetragonal and rhombohedral phases. For the compositions x ≤ 0.15 in Fig. 1(b) , broad (200) diffraction peaks observed indicate the dominance of rhombohedral symmetry, however, the splitting of (002)/(200) peaks at the x ≥ 0.17 compositions indicate that the crystals transform into tetragonal symmetry. These diffraction data indicate that a morphotropic phase boundary (MPB) region in the x = 0.15-0.20 composition range can be observed, indicative of the coexistence of tetragonal and rhombohedral phase.
The lattice parameters are calculated by XRD results shown in Table 1 . Although Bi 3+ is slightly smaller than Pb 2+ based on 12-fold coordination, the unit cell volumes increase with BiScO3 content due to substitution of larger size B-site cation Sc 3+ (0.885 × 10 -10 m) for Ti 4+ (0.745 × 10 -10 m), confirmed by the shift of diffraction peaks to low 2θ angle. Figure 2 shows the temperature dependence of dielectric constant and dielectric loss of the sintered BT-BS-PT specimens measured at 40 Hz, 1 kHz, and 1 MHz, respectively. It is observed that each composition exhibits an anomalous dielectric peak corresponding with a dielectric loss peak. The dielectric peak of every composition gradually broadens and the dielectric maximum decreases with the substitution of BiScO3 for PbTiO3 or the decrease of x value. The frequency dependence of Tm increases with decreasing x value Stringer et al. 13) confirmed that in BiScO3-PbTiO3 system the low addition of BiScO3 content (below 20% molar ratio) could increase the transition temperature while higher content could result in the obvious decrease of transition temperature. Similarly, it is interesting to observe that the addition of BiScO3 in the ternary system gives rise to a slight positive effect (Table 1 ) on transition temperature in the studied composition range. Furthermore, the temperatures of the dielectric maximum shift toward higher temperature with increasing frequency as well as that of dielectric loss peaks with frequency, suggesting the appearance of relaxor phenomenon.
Dielectric behavior
For a classical ferroelectric, Curie-Weiss law 1/ε = (T-T0)/C is obeyed at high temperature, Where T0 is the Curie-Weiss temperature and C is the Curie constant. However, for a relaxor ferroelectric, Uchino and Nomura 15) established a modified CurieWeiss law to illuminate the degree of relaxation, namely (1) Where εm is the maximum value of the dielectric constant at the transition temperature (Tm), C' is the Curie-like constant and γ is the degree of diffuseness where the value of γ varies between 1 and 2. The value γ = 1 reduces the expression to the 
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Curie-Weiss law valid for a normal ferroelectric and γ = 2 represents a quadratic dependence valid for an ideal relaxor ferroelectric. It can be seen that the Curie-Weiss law is observed in the paraelectric phase only at temperatures much higher than TB, i.e. Burns temperature. 16), 17) We take the composition x = 0.15 as a studied example. Figure 3 shows the plots of ln(1/ε-1/εm) versus ln(T-Tm) of BSPT (x = 0.15) ceramics at 1 kHz. It can be observed that it obeys Curie-Weiss law above the temperature TB which is equal to 155°C and deviates from linear behavior below TB. the parameters obtained from the linear fit above are C = 3.1 × 10 5°C and Tc = 64°C. Fitting by the modified relation (1), a greater percentage of BiScO3 resulted in the increasing degree of diffuseness from 1.00 to 1.58 with x = 0.20 to 0, showing increasing relaxor behavior. The degree of diffuseness (γ = 1.40) is obtained which can be attributed to the increasing cation disorder for the substitution on the A-site by Bi and on the B-site by Sc. 
Polarization behavior
The P-E hysteresis loops for the BT-BS-PT specimens at room temperature are shown in Fig. 4 . The polarization data are listed in Table 1 . It is observed that the remnant polarization as well as coercive field attains the maximum at x = 0.15 where the rhombohedral phase dominates compared with the tetragonal phase near the MPB region. The tetragonal phase owns six different polarization of <001> directions for reorientation, whereas there are eight different <111> directions in the rhombohedral phase.
18) Therefore, compositions close to the MPB region may have both of these two phases coexisting to give fourteen possible polarization directions. The large numbers of the polarization directions under the electric field and, in turn, result in high polarization, dielectric, and piezoelectric properties. However, in this work, the maximal remnant polarization of 8.56 μC/ cm 2 is achieved at x = 0.15 composition with the dominance of the rhombohedral phase, which is higher than that of 5.16 μC/ cm 2 at x = 0.17 with the dominance of the tetragonal phase. This is ascribed to the more reorientational directions of the rhombohedral phase than that of the tetragonal one.
Conclusions
Phase evolution and ferroelectric behavior in 0.8BaTiO3-(0.2-x) BiScO3-xPbTiO3 ceramics, x = 0-0.20, has been investigated by conventional solid state method. Tetragonal-rhombohedral phase transition and a MPB region in the composition range x = 0.15-0.17 are confirmed by XRD analysis. Relaxor behavior can be ascribed to cation disorder for the substitution on the A-site by Bi and on the B-site by Sc. The composition with dominance of rhombohedral phase (x = 0.15) exhibits higher remnant polarization than that with tetragonal for the more reorientational directions of the rhombohedral phase than that of the tetragonal one (x = 0.17).
